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The 0.7 conductance anomaly in the quantized conductance of trench etched 
GaAs quantum point contacts is studied experimentally. The temperature 
dependence of the anomaly measured with vanishing source-drain bias re- 
veals the same activated behavior as reported earlier for top-gated struc- 
tures. Our main result is that the zero bias, high temperature 0.7 anomaly 
found in activation measurements and the finite bias, low temperature 0.9 
anomaly found in transport spectroscopy have the same origin: a density 
dependent excitation gap. 



The quantized conduction G through a narrow point contact is one of the key 
effects in mesoscopic physics, and deviations from perfect quantization, such as 
the so-called 0.7 structural appearing around 0.7 times the conductance quan- 
tum 2e 2 /h, are important to understand. Firm conclusions regarding the origin 
of the 0.7 structure have been difficult to obtain partly due to the narrow tem- 
perature range (0.1-4 K) in which the effect can be studied in conventional split 
gate GaAs quantum point contacts, where relatively close lying one-dimensional 
subbands are formed. Further progress has been provided with the appearance 
of strongly confined GaAs quantum point contacts using a combination of shal- 
low etching and a top gate.0 These devices, roughly 50 nm wide and 100 nm 
long, have a subband energy spacing up to 20 meV and exhibit conduction 
quantization up to around 30 K. They were later used to study^the temperature 
dependence deviations from perfect conductance quantization^ At low temper- 
ature (T » 0.05 K) almost ideal quantized conductance is observed for the first 
conduction plateau, but significant deviations develop at higher temperature 
(T > 1 K). The enlarged temperature range allowed for the observation of 
activated temperature dependence of these deviations: 5G(T) oc exp(— T a /T). 
Furthermore, by changing the top gate voltage it was found that T a increases 
with increasing density. 

In this paper we study the 0.7 conductance anomaly in trench etched GaAs 
quantum Pftigt contacts. The GaAs heterostructure is the same as in our pre- 
vious workE'u However, we now fabricate the point contact by shallow etching 
semicircular shaped trenches 60 nm deep and 250 nm wide using e-beam lithog- 
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raphy, see Fig. hja. Three regions of the 2DEG are formed electrically isolated 
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FIG. 1. Measurements on the R = 10 fim trench etched device, (a) SEM-picture 
of the point contact showing the semicircular trenches, (b) The first conductance 
plateau at T = 1.1 K and 6.5 K. (c) Deviation from perfect quantized conductance 
for V g — 1.3 V; the slope yields the activation energy T a = 4.2 K. (d) dl/dV vs. 
V s d for Vg in the range 1.2-1.6 V. Conductance plateaus appear as condensing of the 
curves. 



from each other by the trenches. One region lies between the semicircles and 
constitutes the point contact connecting the source and drain reservoirs. The 
constriction is biased by a voltage denoted V s d- The other two regions lie inside 
the semicircles, and they can be used as side-gates by applying a gate voltage 
denoted V s . For devices with an etched width less than approximately 350 nm 
the constriction is depleted of electrons at zero gate voltage. By applying a pos- 
itive gate voltage electrons are pulled towards the constriction and for V g larger 
than a critical pinch-off voltage (~ 1 V) the point contact opens for electrical 
conduction. The length of the constriction is defined through the radius R of 
the semicircles. We present three devices with R = 2, 5, and 10 ^m having the 
widths 150, 140, and 110 nm, respectively. The differential conductance dl/dV 
is measured by standard lock-in technique using an excitation voltage of 6.3 fj,Y 
rms at 117 Hz. Superposing the excitation voltage with a finite transport 
spectroscopy^ can be used to estimate the lowest ID subband spacing, and we 
found it to be 7.5, 8.0, and 9.5 meV for the three devices, respectively. In Fig. |l] 
two important results appear. (1) In Fig. [l]b it is seen that the conductance 
anomaly is present at G ~ 0.7 at the relatively high temperature 6.5 K but 
absent at 1.1 K. As in our previous work on top-gated structures!] we find here 
that in the range 1-10 K the conductance anomaly exhibits an activated be- 
havior (see Fig. ^p) with a density dependent activation temperature T a . For 
the three devices T a ranges from up to 0.5, 1.5, and 1.7 meV, respectively, 
as depicted in Fig. (2) In Fig. [l]d it is seen how as a function of V s d the 
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FIG. 2. A grayscale plot of dG/dV s vs. V g and V s( j- Light regions correspond 
to conductance plateaus while darker lines correspond transitions between plateaus. 
The white circles are the activation energies 2ksT a measured at zero bias, (a)-(c) 
are the trench etched samples with R = 10, 5, and 2 /im, respectively, (d) is the 
top-gated sample from Ref. 3. 



conductance anomaly evolves smoothly from 0.7 to 0.9 in units of 2e 2 jh. 

We ascribe the conductance anomaly to.A resonance with a bosonic excitation 
of energy Eb localized in the constriction.lffl At zero bias and finite temperature 
the 0.7 structure arises from scattering against the thermally excited bosons. 
The activation temperature T a is therefore given by k^,T a = £5. The con- 
ductance anomaly is investigated further using transport spectroscopy at low 
temperature, 0.3 K. In such measurements resonances due to the boson exci- 
tation gap Eft at the Fermi level ought to show up. We predict the position of 
these resonances by a simple model where V s d = fJ>i — fJ-2 an( i the effective Fermi 
level in the middle of the constriction is defined by (/xi + ^2) /2, \i\ and \ii being 
the chemical potential of the left and right contacts, respectively. Resonance 
is then obtained for V^ s /2 = £(,, and the predicted resonance condition is 
therefore V^ s = 2k-^T a . The result is shown in Fig. || in the form of grayscale 
plots. The light diamond shaped regions correspond to flat plateau regions 
while the dark lines are transitions between|4;hem. This overall structure is 
in accordance with previous reported resultsQ. The new and major result of 
our work is that the measured values of 2ksT a lies right on top of the gray 
transition line between the 1.0 plateau region and the 0.9 anomalous region. 
This strongly suggests a common origin of the zero bias, high temperature 0.7 
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anomaly and the finite bias, low temperature 0.9 anomaly. 

The change in conductance from 0.7 at zero bias to 0.9 at finite bias can be 
understood heuristically as follows. The transmission at zero bias is given by 
T = 1 — Rj), where Rb is the reflection due to relaxation of a thermally excited 
boson. Since we measure T = 0.7 we have Rb — 0.3. At zero temperature no 
bosons exist, and scattering can only occur by exciting bosons with the energy 
Eb- At the characteristic finite bias V^d = 2sb the electrons coming in at energies 
lower than eb can not be back scattered due to Pauli blocking of the final states. 
Those between e and 2e can be back scattered with a reflection probability Rb. 
Adding the contribution from these two groups we find T = |xl + ix(l — Rb) 
or T = 1 - \R b . From R b = 0.3 follows T = 0.85. 

In conclusion we have shown that also in trench etched quantum point con- 
tacts there is a conductance anomaly very similar to what has been reported for 
other types of samples. We have shown a good agreement between the zero bias 
activation temperature and finite bias electron spectroscopy resonances due to 
an energy gap. Experimentally we find that this gap is density dependent rising 
from meV at pinch-off to roughly 2 meV at the middle of the first plateau de- 
pending of the length of the constriction. There is a tendency to achieve higher 
values of the gap for longer samples with a given width. Furthermore, the 
conduction anomaly disappears as a strong in-plane magnetic field is applied. El 
To explain the experimental results we propose that the anomaly is due to a 
density dependent excitation gap. Originally, we associated this gap with a 
plasmon localized in the constriction.™} However to explain not only the-,den- 
sity and temperature dependence, but also the magnetic field dependence!!] and 
the length dependence reported here, we now tend to relate it to magnon exg 
citations of the possibly antiferromagnetically ordered quasi ID ground stateQ 
of the constriction. 
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